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(54) Electroplating system 

(57) The disclosure relates to a system and method 
that deposits an electroless seed layer on a substrate 
priorto subsequent processing. The system is designed 
with flexible architecture and can be configured in sev- 
eral ways. The electroless deposition process is per- 
formed in-situ with an electroplating process to 
minimize oxidation and other contaminants prior to the 
electroplating process. The system allows the substrate 
to be transfen-ed from the electroless deposition proc- 
ess to the electroplating process with a protective coat- 
ing to also minimise oxidation. The system generally 
Includes a mainframe (214) having a mainframe sub- 
strate transfer robot (228). a loading station (210) dis- 
posed in connection with the mainframe, one or more 
processing facilities (218) disposed In connection with 
the mainframe, and an electroless supply (220) fluidly 
connected to the one or more processing applicators 
(240) Preferably, the electro-chemical deposition sys- 
tem Includes a spin-rinse-dry (SRD) station (212) dis- 
posed between the loading station and the mainframe, 
a rapid thermal anneal chamber (211) attached to the 
loading station, and a system controller for controlling 
the deposiUon processes and the components of the 
electro-chemical deposition system. The electroless 
deposition fills defects and discontinues in the activa- 



tion or seed, layer and allows subsequent processing, 
such as electroplating, to fill the remainder of the fea- 
tures without substantial voids in the deposited matenal. 
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Description 



circuit density on indMdua subst^tes an'lT^^^JT''''' °' *° -^^^ to increase 

10 tures decrease to 0.25 or tefs wherelt^ ^flcWnplf TriTT' ^'"^^ °' "^"^^'^^ "t^-^^ 
theresu«thattheaspeLtioSt:eTat^s^^^^h^e^^^^^^^^^ 
processes .ave di^cuity .... structures wHere t.e asp^rrnr's^; 

.5 cZLbe^e^atg:; hTnTsp'r^rn" t^^^^^^^^^^ -^e'' « PVD 

gasfeflownimothechamberanrapTa ma sTSrJo 

ions impact the target, dfelodge the targeTmL T^af and s^^^^^ of th ' ^'''f ^""^ inert gas 

thereon. Figure 1 a is a side vL schem«tir n ' ^he material is directed to the substrate and deposited 

features, the depoin r^m a pvd '^^^^^^ ^ «'th PVD processing. In high aspecTratio 

- inthedeposition^nthellrrpoTnsXeaS^^ 
bee e,edc.atingavoid^nthefer^^^^^^^^^ 

iZhichi^rth^i— 

parallel to the depth of the hrgraSpS;;;?^^^^^^ 
.5 deposits more material on the bottoToftSuS^ln SLTon; Pvn" P'^^^^ ("^P) P-^-ess. 

sure PVD processing is described in copending u s 759 S^T'"'' J'''^ ^"'^ ^'^"^ P'^^" 

he,^ in by reference. Figure 1 b is a side vLSmL of mln^fw 1^ incorporated 
the ionized materia. dL not unlformirpo'I o™^^^ 

ture. As the deposit Increases the openina can Z 1«hT I ' P^'^'^^'^^'V "^ar the middle of the fea- 

« [0005] Because of the dScSrtirna hiaS .l<f^ ' r"^ ^ """^ "'^^ """'^'^ °* f^^^ure. 

to deposit metals such as Ce or iri u^ ElS^^^^ 

a Viable a«ernative for fi.ling's^:;;:^ ^^^^^ T—l^Z^^ ^'^'"^^^ - 

deposited material on a conductive surface and fill even th» hinh I!L i . ! ^ ^"^^ ^ *° ^row the 
cally. electmplating uses a suspensionToenl il ? f ^ubstantialV free of voids. Typi- 

35 atively charged substmte Ja source iTec^^^^^^ to 1?'' °' '^P^^*^'"" '=°"t^ ^vith a neg- 

typical nonSnductive sub^mtH thin c^^^^^^^^^^^^^ ItS r f ? h °" '"^^ ^^^'^^'^ «"''^'«t«- O"' 

provides an electrical path Twss ?he suSc^ ^1? °" '^^^^^^^ 

strata is electroplated With rapp,^^^^^^^ 

the inrtial conductive material l^rSrSlSL thtilo^^^^^^^^ ^'"^ T °' "^''^ °' 

^ tinuities in the inrtial conducth/eXeTcratert^e S^^^^ subsequent electroplated layer. For instance, discon- 
[0006] Therefore, there .^^int a nl^^o J^^^^ ^ «^ ^''^ ^he electroplated layer. 

=tep::rrsr:r:r^^^^^^^ 

« several ways. The electroless deposition procei is oTeferS n/rll^^^^^ archrtecture and can be configured in 
imize oxidation and other contaminants pS o " e e"^^^^^^^ '^T^' an eiectropbtlng process to min- 

ferred from an electroless deposition processina iZT^nTl ^ ^"^^'^^^ ^ ^ 

also minimize oxidation. The system ge3vSe° T^^T^ f'^"^ ^ ^"''^'^ «»«"g ^ 

loading station disposed in co^rSctTon wTtlVn^^^^^^^^ ''""^ ' ^"'^♦'^^ '"b'^. « 

« wKh the mainfrBme' and an electro^ L Cpiy uTrcZLed t^^ '"'"^'^ ''"''"^^ 

the electro-chemical deposrtion system includes fsZirltd^^^^^^^^^ '''^^^'^'V' 
and the mainframe, a rapid themial anneal chafer SlZn t TJ . i- " '^'^^^'^ '°««*"9 s»««°n 

lirigthedepos-rtionprocLesaTd lhe omptel on^^^^^ 

Hon fills defects and discontinuities in the aSatl L ««h ? . ^. ^^'^^ 
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.„ a substrate, C=n,p«n9 . ""'l^l^^^S^Z^ ^'^ -X '^'^ ' "^^f, ,h. 

HI dfcposea proximate tli. p.Oe«t.l and tlukl.c^, """"T 3»»rio a conduc0.e layer m a (aature or. a sub- 
,n .io»»r aap«». '""^X"^ ' "^^.^^11^, depos.lng by ar, electroleas depoel- 

ni,L!:;:Str«"si:r,rzr.'^— 

iments. 

^„„,a...de.«aenen^o,™.ed.ld.po*dl„a,eat».»Pbys^.^ord.p.a».n,PVO,p,oc.a.. 

F^ure 7 fs a cross sectional view of an electroplating process cell. 
ci„, .r^R Wf, oeisoective view of a cathode contact nng. 



fluid outlet. 

" (00,1, ^ pres.. 1— a 'v^.^- rtrrs^trdtx^T^ itre^rTei 

Uo^rrgerreler^troleeacorrdurJ^layer—^ 

rrrrr=^r^:.^r^ 
- :rrr^n^:r;errs»rf^r^^ 

depoeitl»,-.eas.l«*v.deposlti»>ar,docoure^th»e^^^^^^^^^^ 

the riedrolass daposlto of copper eaa eoour at l'f'~f""?2e elecltoBes deposition ol oopper thereon. The 
nk*el, p.ll«nur,. or rhoaun, surlaoes can be .^ d ^^.^ija ^ltk,„ soluSoh and other 

porated herein by reference. ^hemistrv known In the art includes a copper source, a supply of 

fooi3] For eiectroiess deposrt.on of '=°PP«^^^°";^;^^^^^^ agent. Furthermore, because 

» s:irrpr::^ra-2:^3rpSrrr«» 
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of formaldehyde (HCHO) or gjoxylic add ™ „ P".'^^*^'^'''^ ^''"^^ about 11, 0.06 mol/literto about 10 mol/liter 
ethoxilated Phosphate ester(S£?2^^^^^^ 
5 osy process is a heated P-^ess thatetther heSsTe JeS^ d^^^^^^^ as the surfactant. 7T,e electroless dep. 
to a teriiperature between about 15»C to about lOO-roSfethSl?^^^^^^ 
ab,abouteooc.A.pica.che.ca, reaction arno:,?he^^^^^^^ 

Cu^^.2HCH0.40H-.Cu-UH,T..H,O..HCOO-inthepresenceofacata^icsurface 

c«|t,on, t e surface of the subst,Bte can be rinsedTh de onl^v^r^^^^ ^T""'* After dep- 
,5 fel Jn T''' ^^P°«^'°n solution deposite m^^^^^^ ''^''^"'^^^ '^^P°«iti°n 

^alOoAseedlaverwouldbecreatedinaboutlSs™:!^^^^^^^^^^ 

KLss^esr^uirprr^^^^^^^^^^ 

Sputtered metal atoms are ionized by ^^Che atorthro^ ^^^^ »^ 

..esu.....ce..hebiasene.ycanbe = -r^^ 
Sage,?nrnm:tCsr^^^^^ 

Applied Material ,nc. of Santa ClarCaXr l^P S^^^^^ ^ ^ '^'^ ^^^^'^^ '^'^^"^ber is availabte f'om 
available from Applied Materials. Inc. The cZb^r lio incJfde^l^,' 'T"^'"' ^" ^"^"'^® P'«tf°rm. a so 
includesatargetbackingplate 104 which suppTSVta™ '^^^ ^"'^ ^O^- The lid 102 

chamber 100 provides access for a robot fnot shTwn tn h ^ *° *^^P°^'*«^- A" opening 108 in the 

- A subst^te support 112 supports^ t^ l^^^^^^^^ 

lift plate 1 16 connected to a lift motor 1 is is mounted in thJ J k ^ 1 10 disposed thereon A 

mounted in the substrate support 1 12. The pL Tg^ ^^^^^^^^^ T'"' '"""'^ ^'"^ ^^Oa. I20b 

of the substrate support 1 12. A coil 122 is mounted be^f n th^c ? ^ ^""^"^'^ ^ ^ ° to the surface 

^ .nductively-coupled magnetic fields in the ch^ir" oo to a^^i ''^^"^ '^'^ P«>viSs 

^rget 105 and substrate 1 10. Powersupplied" h co 22Ssi;e?tror' ^"^"^^'"'"9 « P'^-a bet^een^^ 
The ,on,2ed material is then directed toward the suborn e n o ^nH H ? . ? ^'^^ 'P"^^^ ""aterial. 



chamber100toshi=a7be^^^^^^^^ 

by supports 126. The supports 126 electrical^ nsute te .rc^TlP^^^^^^^^ 124 also supports the coiM 22 

clamp ring 128 is mounted between the coll l^and^^J^J^ ^'^'^ ^^'^"^ ^24 and the chamber 100 The 
o the substrate from sputtered materia^w e'the s^^t^^^^^^^ ' '"''''^^"^ - -dredge and backed 
portmn of the clamp ring. In some chamber configuSr L s^Sh ^ ^"^^^ P°''"°" *° ^"Sage the lower 

Zll " "T'"^ ^^9et backing Plate ToifncreZe the .L'^^^^ '° " P'^^"^^- "^^s'^ts 

and increase the sputtering efficiency. A power source 1 4 nrrf?™KK nT^ ^ P'^^ ^ the target 105 

about13.56MH2tothecoiM22toin;reaSthedrnSome?^^^^^ 

source, biases the substrate support 112 with resoS^to thf 2 Another power source 134. typically a DC power 
« sputtered material toward the sZrate 11 0 ' ° P"'^'''^ '''^"^^"a' att,^ Ion Jf the ionled 

13s;lg^;:rr3^^3t1rasT^^^^^ 

nected to the chamber 100 at an exhaust port iSTl^iTTT'"'' P^-^P 1^6 is con 

the chamber 100. *° the chamber 100 and maintain the desired pressure in 

ss [0018] A controller 149 controls the funrtinne«f»i.« 



4 



EP 1 067 590 A2 



includes a panel that allows an °P«'^^°:^^° J^Lble mechanical assemblies, 

shown) are genemlly used to move and de ermme me posrt^^^^^ 

[0019] in operation, a robot (not shown) delivers a J^''^^^^ JJ^^b^ the robot retracts from the chamber 
s Sns 120a, 120b are extended upward, im the -^^^^^JJ^^^"^ ^^^^^^^^^^ support 112. The substrate support 
"oo. The pins 120a. 120b lower the substrate 110 ° ^^'J^^V^,^^ ^ ejected into the chamber 100 and a 
112 raises the substrate 110 to «"9=9%*^„t Zr^Sl^ratesu^rt 112 wrth powerfmmthe powersource 130. The 
plasma is generated between the target 1 05 ^e 5^^^ and ionizes the sputtered target materia^leav- 

power sou-ce 1 32 delivers power ^° ~:\*^f ^,7*^^^^^^^^^ ions are accelerated toward the biased sub- 
,0 ing the target105toform sputtered mater«lionsJhe p^^^^^ ^^^^^ .^^^^^^ , 

st^e 110. The process pressure may be '^f^^^^SZougU the p\asru^ 

probability of the ^P^^-t'triaSTao? e ^^^^^^^^^^ flO. a robot (not shown) enta. the cham- 

strate support is lowered, the P'"V„ V.f^^.lL liivers another substrate for processing, 
ber 100. retrieves the substrate 110. and rf ff^f,^' J^aSrsy^^^^^ platfomi 200 in which the electroless deposition 
,5 [00201 Figure 3 is a perspective view of an «'«=^'^P^f .f-%™Application 09/289.074. entitled -Electro-Chem- 
process can be perfom^ed and '^--^'^t ^^P^jt'co^^^^^ by reference. Figure 4 a schematic top 

ical Deposition System", filed on Apnl 8. l^f ■ "f^ '^^^'^^^^ 3 and 4. the electroplating system platfom, 200 
view of an electroplating system platfomi 200- Referring to kwtnHgu ^^^^ 214. and an electrolyte replen- 

ganeralhrcomprisesaloadingstation 210. J.^^'^.^^^^l'eL^^^ 216, a spin-rinse dry (SRD) 
fshing system 220. The mainframe 214 gene^ V ^oj^^ - enhancement station 215. Preferably, the electrc. 
station 212. a plurality of processing ^18 and a^^^^^^ y environment using panels such as 

plating system platfomi 200. particularly he '^^^'^^'^^^.^^Zuts to support various stations needed to com- 
Rexiglas panels. The mainframe 214 includes ^^de of aluminum, stainless steel or other 

plete the electro-chemical deposition P^^^-;*^;^'.^^"/'^ ^e,eon Achemteal protection coating, such as Halar™ 
« rigidmaterlalsthatcansupportthei^nous^^^^^^^^ 

ethylene-chloro-trifluoro-ethaylene (ECTFE) ^'J^'^^^ Each processing station 218 includes one or more 

svstem 222. typically comprising a programmable '"'f ^P^^'^^f °' ^ ^nbslrsXe cassette receiving areas 224. one or 
JST loading station 210 preferably '"^"^^--j;^^^^^^^^^^^ cassette rece.- 

Le loading station transfer robots 22B ^^^f '^^^ in the loading station 210 can be con 

ing areas, loading station transfer ^°J°^^228 and sub^rate or^^^^^^ embodfenent in Figures 3 and 4. the loading 
35 u^d according to the desired throughput of '^^^^fZr^ ^TZ loading station transfer robots 228 and one sub- 
station 210 includes two substrate cassette receiving ^^^^2^^^^ 9 ^^^^^^^ ^^^^^ ^^g,„ng 
atrate orientor 230. A substrate cassene 232 c^^^^^^^^^^ 

area 224 to introduce substrates 234 irr^o the station trans- 

transfers substrates 234 between the substrate "^^^^^^^^^ 3^. The substrate orientor 230 positions each 

40 fer robot 228 comprises a typical transfer robot '^^/""^^ processed. The loading station transfer 

substrate 234 in a desired orientation to ens^^^^^^^^ 
robot 228 also transfers substrates 234 between th^^^^^^^^^ 

ing station 210 and the themial anneal chamber 21 ''J*'^ J ^^^^^ of substrates through the system. 

sette231fortempomrystorageofsubjBtesa.ne^^^^^^^^^ 

45 [00221 Figure 4 also shows a mainframe mainframe ^t.on 

Linfmme transfer robot242servesto.ran^ersub^^^^^^^^ 

including the processing stations and the f ftj'°"^^^^^^^^^ end effector for each of the robot amis 2402. Flippe 
amis 2402 (two Shown), and a flipper robot 2404 IS att^^^^^^^^^ 
robots are genemlhr l«iown in the art and can be attached a^^^^^^^^ 

so RR701.availablefromRorzeAutomation lnc l^a^^^^ 

per robot as the end effector te capable of ^j^^^^^^^f, 3^ orientation. For example, the flipper robot flips 
Is well as flipping the substrate being ^^"^^^J,^^^^^^^^^^^^^ the processing cell 240 and flips the sub- 

the substrate processing surface face-down for the «f 3^^"^ P"^„.rin3e.d^ process. Preferably, the mainframe 
s^ate processing surface face-up for other processes. ^J '^^. ^^^^^^^^ „bot arm 2402 and independent 

55 transfer robot 242 provides independent robot motion along tne a t ^ w« 

substrate flipping rotation by the ^^P^'^^^^^^^^l ^T^e^y connected to the loading station 210. and sub- 

Sare^nredrarufsrrr^^^^ 



5 



EP 1 067 590 A2 



system, preferably comprises two RTA chambers 21 1 riicn«e.H 

sponding to the symmetric desigr, of the loading Je^t^ Z TlT'"' °' '"^"^'"S station 210. corre- 

known ,n the art. and mpid thermal anneal chSetare t^oLL tT ^'"'"'^'^ ^eneraliy well 

the properties of the deposited materials. The^enflon contelSe t'-? ''"^'''"^ "^''"^^ »° «"^ance 

5 designs, mcluding hot plate designs and heat laT dis S^^^ ' '"'"'^ °' ^'^^"^^l chamber 
mal anneal Chamber useful for the present InveZfe^XSc^^^^^^ 

in Santa Clara, California WxZ chamber available from Applied materials, Inc.. located 

porating rinsln'gTnd LsS^d fn^^^^^^ ^^''''^ °f the present invention, incor- 

^0 Figure 5 and shows a substrate in a processing posi«or^t^^ . " °' «P'"-rinse-dry (SRD) module of 

• station 212 includes one or more SRD mod^es Lfi and on ^ ""'^ '"'^t«- ^rabi. the SRD 
theSRDstationSISincludestwoSRDrdui'^Sec™ 

and a substrate pass-through cassette 238 ifpos'lonrLor^ °f '°ading station transfer robots 228 

cassette 238 facilrtatessubstratetransferStleen^JerHt !f t 236. The substrate pass-through 
« throughcassette238providesaccesstoanTfrombo^^^^^^^^^^^ 

frame transfer station 216. ^ °" t™"sfer robot 228 and a robot in the main 

a. lf°'"°':''-''"^^"^«^'y-«-'"°vable cover Su^ 

^ '"eludes a pedestal support 332 and a pedestal actuator 33^ n h t'^. ^"^'^"^ SRD module, 

Figure 5 on the pedestal upper surface during P ng^elede'^J^^^^ T ,T°* ' ^« (^^"'"n in 

the substrate 338 and mises and lowers the pedest^Js d^'Cn i Z ' P^^^*^' to spin 

padestal by a pluralrty of clamps 337. The clam^S^vSt w^L^^^^^^^ '"'''^"'^ ""^ P'-'^e O" 

in the edge exclusion zone of the substrate. In aSe^^mbodS^ f '"^'^^ ^"''^•^^^ P^^^^bV 

« When the substrate lifts off the pedestal during the Dro.^sir '"^'S" ^"^^^rate 338 onty 

asother holding elements. The pedestal hasVpl'rS^^^^^^^^ 

second nozzle may impact as much surface area ^ The lowe^^^T^S. T '° ^'^^^ ""'^ through the 
allows fluid to be removed from the SRD module °' P'^^"^'- An outlet 339 

- ^e-du^:aTb?hr.::p?^^^^^^ 

347andmaybese.ected^lavaC^^^^^^ 

include a valve actuator, such as a solenoid, that can bfcoLolted wSk^ r^^' °' '^'^ ^^P^^ "'^ 
a first fluid inlet 340 that is located above the substSe and i c^^^^^^^^^ """^^t 346 connects to 

ule and a connecting portion 344 to attach to the condume tJfiiT h ?^ ^""""^ *° ""^"^ SRD mod- 
^ 348 to deliver a first fluid 347 under pressure omor suhf^t ""^ ^^"^'^ ^^^^^ « ^i^g'e first nozzle 

and multiple fluid inlets could be posiSnrabouftho "PP^^^^'^oe. However, multiple nozzles coulSTbe uSd 
placed above the substrate 338 shorbetiS h dia^^^^^^^^^ °J ^38. PreferabrnoSL 

Ping on the substrate. The first fluid inlet colTmrumerilrL!;' n^'" *° ^« °^ ''^^ "o^'e^ cl,^^ 

^ =s?r:or;r-^----~=^ 
piivarsrd::i~~r^^^^^^^^ 

the substrate and angled upward to direct a seconTJ.r.!^ 1 ! ^^""'^ ""'^ 350 is shown below 

''-tothefirstfluidinlet340%hesecSuidirt35o'^^^^^^^^ 

™"79'-a«ons.andaplu,alityoforientationsL^^^^^ 

extended into the SRD module 236 at a variety of positions For fnltLTif . « ^^"^ ""'^ ^ be 

is directed back toward the SRD module peripheT|orthe?dr^^ I ' " *° ^ ^^^ain angle that 

a^^yinwardandthed^arge^ 

[0028] The controller 362 could individuallv contmi « °. "° Periphery. 

- 'nS-andanyassociatedvalvinaasweS 

m dashed lines, provides an auxiliary fluid inlet 346a connected trtrffr.t ?'^ ^" ^'"'"^'"^ embodiment, shown 

a control valve 346c, which may be used to flow a rinsin^fS on Jhl k I "'"^ ' """^"'^ 346b and having 
•^"-n-^l'o^thavingtoreoriemthesubstrror^^^^^^ 

[0029 In one embodiment, the substrate is mounted wiS, i^^ 1 ? '° « ""='"9 
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desired prcM^ess is to rinse the processed substrate. s^own ir. Figure 5. ar,d a robot (not shown) places the 

[0030] in operation, the pedestal 336 is .n a ra'sed P°^;°^ t li^Ste to a processing posrtion where the sub- 
sume 338. fece up. onto the pedestal. The pedestal '^Tf^^^-^tLr^H the pedestal actuator 334 rotates 
sSS te verttelly disposed between the first and =«^°"t!ricL be^en about 20 to about 2000 rpm for a 200 
Sfpedeirele 'about 5 to about 5000 ^^^^^^ ^^^^3 ot^ate futw^^^ about pivot 337b. tov^d the 
mm substrate. The rotation causes clamp rotation forces the upper end 337c of 

periphery of the SRD module sidewall 330b. position on the pedestal 336. preferab^ along 

Z clamp inward and downward to center and ^^^^"^Ji' substrate and hold the substrate .n pos.- 
he substmte edge. The clamps may rotate into P°^*2T,S off 3^1 336 during processing. With the pedestal 
ion on the pedestal only if the substrate 328 ^'Sf =f ''^.^t' t^^^^^ through the first fluid inlet 340. The second 
S the substrate, a rinsing fluid fe delh^ered onto the ^^^^^^^ 

C such as an acid, is delivered to the backside ^^^^^^^^^^^^^^^ dissoN'es and then flushes the material away 
.3 t^TheloMngfluidchemica.^^ 

from the substrate backside and other ^^^^f/^^^X^^^^^^^^^ to help protect the face of the substmte from 

rinsing fluid is adjusted to flow at a g^«J^;^;^»f optimal perfom,ance depending on the stee of *e 

the dissolving fluid. The first and second fluid inlets are locate H ^ ^^^^^^ ^^^ng other fac- 

subSSe. the respective flow rates, spray patterns. " J^^^ i^ret after a dissolving fluid has dissolved 

strate. and thereby effectively drying the surface. depending on the particular nozzle 

Tnfrltot arri 2402 that provides independent access of substrates ^^J^"^ ^n or in connection with the 
" Tl^l:^yTLJe.e.^ stations 2t5. and ^j^-^P^^f,^^^^^^^^ 2402. corresponding to 

malie. As sLn in Figure 3. the mainframe transfer ^bot ^^^'^^^^ ^n end effectorfor hold- 

^ coilector440issecuredontothebody442^f« 

other fluid transfer connectors. assembly frame 452. The head assembly f^ime 452 

50 m034] The head assembly 410 is mounted onto a ^^J^^ 454 ,3 mounted onto the body 442 of the 
" Ses a mounting post 454 and a -tj^--- ^^iJ^ZT^^r portion of the mounting post 454. Prefe^ y^ 

mainframe 214. and the cantilever ami 456 extends latejny ttom a pp h ^^^^^^^ ^^^^ to albw 

The mrnting post 454 provides rota^onalm^^^^^^^^ 

rotation of the head assembly 41 0. The head as^emb^ 4^B a ^ ^^^^^^^^ ^ .^^Jj. 
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process kit 420 to provide the spacina feo.iir»rt t« , 
pr«:essce,. 400. When the cantfeS^'aX^^^^^^ 
41 Ot ward the process kM^ 

f0035] -me head assembly 410 generailv comnri« . ^ ° ^ processing position. 

^ actuator 458. The substrate Lem^r^Z^^TlZT^ 'T' '^^'""'^ « «"bstmte assemb^ 

assembly shaft 462 extending downwardlXonnhttr T"^ "'°""«"3 P'^te 460. and includesaS 

462«connectedtothesublte;:ra'ibtJ?0^^^^^^ 

'"i!" ' ''''''''' '-'-'"^ PCS Jn ^"'^'-te holder assembly 450 in a pt^iin'g 

cathode contact ringisoo includes an uppermounS^^^^^^ 

electrical contact to the electroplating seed layer on the sSl -? ^ ^'"P^"^' '^9'°" °f '^e substrate to provide 
tact With the sub^'rate. a^'^ref 

hydrophilic properties, such as a hydroDW^ sul^l? ^"'^"^^^ ^^^^'^^ with a materia tSS^lhS 

ford. Massachusetts. The hydrophrrurfai sTaSt ^'^w '^"^''^ ^""P*^^ Corporatirioclcl tn B^? 
odecontactnng.OtherconLtrI,rde3t" 
« such as the contact ring designs describ'ed in U S pJZ^^^"''l?o '"^''^'"3 ^'"^^^''^ '° 

El^.j>chem«al Depos^ion". filed on November 30. ^S ff?,rrr!'?! ^^'ng f"; 

to >^ry,ng degrees. Preferably, a portion Of thJ S^^^^^^^^^^^^ 

the intemiediary substrate holderplate 1910 usZunll ^ ^^^""9'^ '^^"P'ed to the back surface 191? nf 

« assembly 45XX'll'S^^^^^ Zto^^r. °' " f P"'-- the substrate holder 

boJj47J an anode assemb,y474and^^r476 Pra^^^^^^^ 

body 472 and attached to a lower portion of the cont^^eT h!^ '''""'"^ '^'^P^^^'^ be'°w the con te ine 

assernbly 474 and the container body 472 T^e^Tn^r Z ltT '1 ^ '^^'^ 
» tively. the container body 472 can hp morir, ♦ ^'^"'^s, Hiexiglas (acrylic), lexane, PVC, CPVC and Pv/nc 

^^T*'""'^" 
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collector 440, The upper surface of the we.r 478 P-j'^^'^ '"^^^^^^^^^^ °J rtion 480. a middle inclined portion 482 
Preferably, the upper surface of the we,r 478 '"^'"^f^^^^^^^^^^^^ position, the substrate plating sur- 

,0 and an outer declined portion 484. When a ^"''^^f^ J^P°"*^^^^^^^ ™ %z a gap for electrolyte flow is formed 
face is positioned above the cylindrical °P^79 ^ ^^^g^^^X °f « '"""^ °' 

t^etween the lower surface of the cathode conta^^^^^^^^ 

the cathode contact ring 466 is disposed above """^tt "^flow of the electrolyte into the electrolyte collector 440. 
The outer declined portion 484teslopeddownwa^Vto^^^^^^ 
,5 [0041] A lower portion of the container body 472 ^^^^^^^ of the annularflange 486 Is 

Lur!ngthecor,tainerbody472tothebowl43aTheouted^^^^^^^^^ 

smaller than the dimensions of the ^^^^ll'^Zo^C^^ cell 400. Prefembly. a plu,Brrty of bolts 

removal and replacement of the process f mm the ^^^^^^P^n^ , ^^^hing bott holes on the bowl 

:irasrth:x™-^^ 

the components of the process kit 420 J^^^^^lf j^^;""";.,,^,^, ,^ers the lower opening of the container body 472. 

[0042] Preferably, the filter 476 ,s attached ^° ^"J^^^Pf f^J^'r 492 is disposed between the filter 476 and the 
« Lnd the anode assembly 474 is disposed be^w me fi^r4m A ^^l^^ ,^ened to a lower 

anode assembly 474. Preferab^. the f.lter 47Mhe ^^^^^^^ ^.^/or bolts. ArternativeV. the filter 476. 

surface of the container body 472 -^^L^f '3",^^^ to the bowl 430. The filter 476 prefembly com- 

the spacer 492. and the anode assembly 474 ^T^^^^^^Z^ pattern toward the substrate plating surface. 

prtees a ceramic drffuser that also serves to <;°"^°'^^„^^^^^^^^^ anode that serves as a metal source in the 

3D r0043] The anode assembly 474 preferably comprises a ^^Qde. and the metal to be electro- 

" S^e. A^ernativety. the anode --'''V ^^1^^^^^ in Figure 6. the anode 

plated is supplied within the electrolyte from the ^^^^''''^^J^^^T^^^ 494 preferably made of the same metal as 

Lembly 454 a setf-enclosed module having a poro^^^^^^^^^^ 

the metal to be electroplated, such as «=°PP7-^";;5';''3t,';°^^^^^^ copper for electrochemical deposition 
35 as ceramfcs or polymeric membranes^A ^J/l^^^^^^^ pSerably comprises metal particles 

of copper, is disposed within the anode ^^^^^^^^^^^ keeps the partteulates genemted 

wires or a perforated sheet. The Porous anode e« ^^^^^^^ ^ « non-consumable anode, the consumable 

TsotbtreT^^sr^^^^^^^^^^^ 

- ;;r"-nodeele.rodecontact493..^^^^^ 

Sion to the soluble metal 496 from a power ^PP'^^^jf^J.^^^^^^^^^ platinum-coated stainless steel. The 

five material that is insoluble in the « f "^'J^- ^"""^r^a^^^^^^^^ electrical power supply Preferably 

anode electrode contact 498 extencte ^^^""fl': ^^^^^^ nut 499 to secure the anode electri^l 

lange 506 extends radially outwardly from the top f cy'nid^^ ZZTer^nuW Sange 486 of the container body 
50 a piSralrty of holes 508 that matches y^^;^;ZZ Z^l^^^^^ 486 of the container body 

472. To secure the upper annular flange 506 of ^l^^ ^^/^^^^^ 490 are fastened onto the bolts 488. Pref- 
472. the bote 488 are inserted through the holes 508^ and^^^^^^ 

embly. the outer dimension (/.e.. ^^^'"'^'^^^^'^l^'';^^ heTower surface of the upper annular flange 506 
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that faciltetes easy removal and reoi^c.^.n^ T^ZTJ'^^^^^^^ °°""«=ted by a releasable connector 

electrolyte is drained Irom the process kit 420. and thnSr^lvt^Sorin t^'.^^T "'^''^ '"aintenance, the 
drarned. The connector for the electrode supplyTl rS«ed from ,1 ["^^ '"P^"^ discontinued and 
'0 nection to the anode assembly 474 is also disconnected Thfhp-H kI^™"^^ °' ^'^'^"'^al ^on- 

ance for removal of the process krt 420 ?he proeS 2o i/tht"^ "^^'^ "^"^^ °^ "''^^^'^ '° P^vide clear- 
«oned process kit is replaced Into the malnSne 2^ 4 '""^ "^'"'"'"^ ^'^^ - "^w or 

U^2ar;s;rdr:ni^^^^^^^^^^^^ 

« «^emb^474andthecontalnerbody472tothebL74^^^^^^^^^ 

and the container body 472. New or reconditioned ano^iseZ 474 '"T" """"^ ^^^'^'^'^ ^^^^ 

the mainframe 21 4 and secured to the bowl 430 ^ ^"^ ''"^ '»72 are then replaced Into 

=isthe^ro~^^^^^^^^^^ 
^ mainframe 214 and comprises a prograLable mL«„^^ - "^e 
grammed using a softwa^ designXecSvfoSmZ'.^' Programmable microprocessor is typlca^ p™ 
200. The control system 222 ateo pJTJSIZ^^"!! eiear.pia,ng sysim platfo'rm 

pane 1223 that allows an operntor to monitor ^r^^^^trZe^oZr^T °' ""''"^ ^""^ '"'^'"^^^ « 
is a stand-alone module that is connected to the conTrS ZS^^oT^ T^"" P'^'^^'^ "^^ ^^''^^ Panel 223 

- operator. Generally, the control system 222To,S^2XZ^oT"ft '.'^'^ '"'^ P"^'"^^^ ^^^^^ an 
21Mhe SRD station 212, the mainframe 2uZ^eZeZTZ^l ^ chamber 
co^.».tes.ththecontro..erof.ee.e..^erep.enis:^^^ 

- KL;:rtrn:St:i^^^^^^^^^^ 

at the rearward portions, distal from the entry^f fhe LubsSs "^^ '^^'l '^-^ '-ate^ 

-^ewal,30?4.and™rM^^^^^^^^^^ 

^5 the Shield. Alternatively, a removable cover (nSlS^^^^ / °P^" '"'ddle o 

t.B location Of the cell 3010 and includes a pedeTJ^or so^^^^^^^^ generally disposed In acen- 

3018 to spin a substrate 3022 mounted thereon bett^eTn abouffn ; >f ^ ^"^^^^ pedestal 

so that the subst^te temperature is between abouM 50c to^^^^^^^^^ T'' ''''''^^ ' ''^^'^^ 

3024 raises and lowers the pedestal 3018. The sub^rSfaoS IJn h h ?h -^''''"^''^ ^ P^^^^^al Itft 

^ mountedto the top ofthe pedestal 3018. Iri addtn the pldSf sS^s L ^ ^^'^"""^ ^^"^^ 3026 

tion aligned wrth a pluralrty of clamps 3028. The clami 3S28SX! ? '° ^ P<^i- 

preferably on an edge of the substrate. The pedeS^ToJS in^lu? T"^" ""'^ ""^^^^ ^^bstrate 3022 
greater diameterthan a corresponding upwardTdT^^^^^^^^^^^ 
J''.^'"te'Bctionofthetwoannularshields3030 3032p^^^^^^^^ 
« r'"^^^^^''^°^°'--------.C?ernr^^^^^^^ 

aec^rr:^s:~~^ 

«ie flow Of the electroless deposition fluid, where the Zes dSsed h.t ! ^"^^ 

type of valve and can include a valve actuator such L a sot.nnH f ? " ^" ^ 9'°b«- butterfly, or other 

nectedtotheva,ve3038thatcanbecontSdwi;i^^^^^^^^ 

|ous chemical sources (not Shown). Where the^^s aST'^^^^^^^^ 

Preferably, the electroless deposition fluid is rnlxT^^^^lS",t?^^^ the controller 3040. 

smon on the substrate 3022 and not signfficantirbe^re Ih^derosttfo^f '"!?''"'"^' "PP"'^^*'^" ^'^PO" 
conduit 3036 and associated elements The Xtis 3(S ?T '''"^"'"'^ ''''"^"'^^^ *P°=^'°" 
the cell 3010. The first conduit 3036 connects tHn fiS/u^lA^? ' ^'^'^^'^ P^^^^^^V ^ 

substrate is disposed in a lowered position and ^r^erS st Sd t^n T^^^^ '"''^'^^^ ^^^^ when^tt,e 
socket.oint.toal,owmovementofthein.e.304a%ndrr~^^^^^ 
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aenTralS delivered in a spray pattern, which may be ^'^"^^J^^^rS nozz^^ 3050 is located outside the periphery of 
fndCinclude a fan. jet. conical, and °ther patterns. P« e^^^^^^ ^,,,,3,„e.y. the nozzle 3050 

fhe sTstrate 3022 to allow the substrate to e^^^^^^^^ 

' -rv:-i;?==-^^^^^^^^^ 

;;r"..n-othefirstconduitandre.a.de,e^^^ 

K The second conduR 3052 provides a P^* °r nn^ng fl^^^^^^^^ ^^^^^ conduH 3052 and 

,0 the substrate 3022 after the electroless deposihon. A second ^^^^ ^^^^^r 3059 coupled to the second 
a siond nozzle 3056 fe connected to the ^^^^J'^fl^^;^^,^^^^ of the inlet relative to the cell 3010. A sec- 
nlenoSA and can be used to allow rno^^^^^^^^^ 

ond valve 3058 is connected to the second condurt f^^l^^^^' ^^Id or other fluids and a valve for oontro ling 
second condurt can ateo be coupled to a °^ (not shown). Exemplary fluMs .nc ude 
,5 he fluid. Atternatively. the acid supply can ^.^/^oCic ^ToTother liquids orfluids that can be used to coat the 
hydrochloric acid, sulfuric acid, phosphonc ^S^^' ^^'^^'^"^'^^^^^^^^^ oxLion and other contaminants pnorto he 
substrate surface after the electroless deposmon to P;°^!j J processing such as electroplatmg n a 

ll^rnnlfltina DrocBSS. The substrate can thus be transferred \ ^ ^ further enhanced if the 

fS stlSmSS oxidation and other contaminant.. T e a^^^^^^^^ p,„,ess. 

H-STTte^oSy^^^^^^^^^^ 

fo^m and the plumbing controlled remote actuato^^ 0. The substrate 

25 SoSB] in operation, a robot (not shown) ^^^"^^^^^^f^l.^^p processing. The pedestal raises 3018 and the 
3022 already has a seed layer deposrted ^'^e^^"" «"°^^!J^y/3022^^^^^^^^ retracts and the pedestal 301 8 lowe^ 0 
vLuurn ch?ck 3026 engages the underside '^'J^'^f^^^^^^^^^^ chemicals into the electroless fluid 

aTocesslng elevation. The controller 30^^^^^^^^^ 

:rd'eS;r-ss the substrate. The .^^^^^^^^ 

iuid auto-catalytteally fom,s a layer over the P-^^Je? P-ferab^' ^'^'^"""^ 

-j-r;=^=-^SsSwsth.ughth^ 

"00 to about 500 RPMS BSth. « »ated ».» .n sold o, othe, oo.tlrs f«. « »™ 

3022 ' . • th».nhstrate 3022 to a position above the EDP cell 3010. The 
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sltlon fluid into the firct inlet 31 12 Th frst- 

using the embodiment of the SRD module deSbPd ?" ^^"^^^'^ embodiment of the combined EdSrd J! 
cell described In references to Figures l andl 2 Th *° ''^"^^^ ^ ^"'^ « and the erZd Info t^^^^^^^^ 

tml posrt,on above the substrate 338. The first in Lt 311 J I ^ ^^Ob and extendinq to a cen 

to ra.se and lower the substrate support 3426 Th^ "2*^ . ' "'^^"^"^ 3428. The lower actuator 3428 iTuSS 
strate 3424 on an edge exclusion area 3433 typfcalK/abo^ /mt^ ! u ^ ^^^^ 3'*^'* ^^^P^^^^ »<> support the sub- 

material .s deposited on the substrate 3424 by an electSLs Lnn . ""''^ =^^5' « '«y«^ conductive 
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c =nH fi For instance, as described in reference to Figures 
statlontransferrobot228del.versthesubstratetoine^^^^ p 

strata from the EDP cell subsequent to an ^ ^pp eeil is electroless depo^.on "on^e- 

ne?as described in reference to Figure 1 0. The ""^^'^^fj ° JP^t^Jthrough cassette 238 while the substrate 234 te 

« DTuralitV of substrates is loaded into the substrate "^^^^J^^J^^^^^ ^ad a seed layer of conductive material su^ 
« SaSL flipper robot end effector 2404to pick up P;^^^;'/;'',, processed substrate in the cathode contact 
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I""' I J I ne terms below* "above* "bott ■ 

s 



ments 
mined by the claims 

Claims 



1- *^™'°'*P-»"S.co„d«^^,.„,.^„,^^^. 
2. A system as clalmedin claim 1 whoroi„tK 

I'lZr"?"'"^'"^'""'^"'^"-'''^*-'"^-™-— ----- 

9. system as claimed in claim 5, wherein the PnPo«>.i 
apedesta, and coupled to an art^.atl^mX ""''"^^ 

10. A system as claimed in claim 9 furthprnnmr^io- 
member allows the actuatortomtr^TSS^ 

Pos^on proximate to a sidewall of the ED^TJI ^ ' ^^e the pedesta" l^ a peSpS 

-^.^in.^^ 

12.Asystemfordepos.ngaconductive,ayeronasubst.te.comprising: 
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a chamber having a bottom and a sidewall; 

an actuator coupled to the pedestal. Ho«t«.«ndis 
coupled to an articulating member. 

piition proximate to the sidewall of the chamber. 

^..^^^"-^-'^■'-''•"--'^■"'^ 

process cell coupled to an electroplating platform. 

,««t«nfelectroless deposition fluid from a spray 

fluid in proximity to the substrate. 
■fluidinindividualapplicBtionquantrt.es. ,^„,««sdeDO- 



sition. 
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